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Zoonotic visceral leishmaniasis (ZVL) is a serious public health problem in several Brazilian cities.
Although the proximity of chicken houses is often cited as a risk factor in studies of urban ZVL, the role
chickens play in the epidemiology of the disease has not been defined. Chickens attract both male and
female sand flies (Lutzomyia longipalpis) but are unable to sustain Leishmania infections, and their pres-
ence may exert a zooprophylactic effect. We discuss environmental, physiologic, socioeconomic, and cul-
tural factors related to chicken raising that could influence Le. infantum transmission in Brazilian cities and
evaluate whether this practice significantly affects the risk of acquiring ZVL.
uring the last 20 years, zoonotic visceral leishmaniasis
(ZVL) due to Leishmania (Leishmania)  infantum has
become a serious public health problem in several Brazilian
cities (1). The pathogen is transmitted by the bite of the phle-
botomine sand fly Lutzomyia longipalpis (Lutz & Neiva
1912), and although humans can be infected, they are believed
to be “dead-end” hosts; domestic dogs are the main reservoirs
for the parasite. The spread and increasing prevalence of ZVL
in urban areas are linked to human migrations, involving the
transportation of infected dogs from ZVL-endemic regions to
impoverished urban areas where Lu. longipalpis already
exists. Although generally located on the margins of large Bra-
zilian cities, these shanty towns (favelas) in Belo Horizonte
(population 2.3 million) are dispersed throughout the urban
zone, often adjacent to wealthy neighborhoods. Many of the
inhabitants raise chickens, pigs, and other livestock in their
yards, and because of the general climate of insecurity, keep
dogs, which act as amplification hosts for Le. infantum (2).
Thus all the factors for parasite transmission may be concen-
trated within a relatively small area. 
The proximity of hen houses is acknowledged as a possible
environmental risk factor in studies of urban ZVL (3,4), but
the role chickens play in Le. infantum transmission has not
been completely explained. A study in the Brazilian state of
Bahia found that dwellings of persons with ZVL were 4.21
times as likely to have chicken houses in the yard as those
whose occupants were unaffected (5), but other studies have
failed to demonstrate a significant correlation. Although the
attraction of chickens for Lu. longipalpis is indisputable,
chickens, like other birds, are unable to sustain infections with
Leishmania, and the nature of the relationship between
chicken raising and ZVL is complex. In this article, we con-
sider factors related to raising chickens that might affect trans-
mission of Le. infantum in Brazilian cities and discuss whether
raising chickens in urban areas could affect the risk of human
acquisition of ZVL.
Importance of Sand Fly Attraction to 
Chickens in Le. infantum Transmission
Widely differing observations regarding the degree to
which Lu. longipalpis bites humans in different habitats, as
well as the fact that female sand flies from nonanthropophilic
populations can be induced to feed on humans in the labora-
tory indicate that this species has no strong innate host prefer-
ence. Although sand flies in Brazil are known by a number of
common names, including canagalinha, mosquito de palha,
and asa branca, the absence of such a term to distinguish Lu.
longipalpis from other biting flies in urban ZVL foci suggests
that this fly does not constitute a substantial biting nuisance for
the inhabitants.
Sand fly reproduction depends on the availability of blood
meal sources such as domestic animals and synanthropic spe-
cies that raid chicken houses and are potential reservoirs of Le.
infantum, such as the fox (Cerdocyon thous), opossum (Didel-
phis albiventris), and black rat (Rattus rattus) (2,6). Although
involved in sylvatic transmission of Leishmania, the fox is less
likely to be found in urban areas than the other two species.
Host loyalty involving subpopulations of vectors would have a
marked effect on Leishmania transmission (7). The relative
attractiveness of chickens compared with other hosts at a par-
ticular site can be calculated from “forage ratios” (8), in which
the percentage of sand flies feeding on the birds is divided by
their relative numerical importance: values significantly >1.0
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indicating selective preferences. A study in rural Colombia (9)
demonstrated that Lu. longipalpis clearly preferred pigs and
cows over chickens (values were < 0.75). However, results of
such studies may not be reproducible in other situations, where
wind direction and the relative proximity of different hosts to
host-seeking sand flies affect attraction. Comparisons of the
attractiveness of different host species should also take into
account differences in biomass, heat loss (a function of the sur-
face area/volume ratio), and CO2 production (10). Chickens
produce 19–26 m3/kg body weight of C02 per minute (11);
comparable figures can be estimated as 13–17 for dogs and 8–
11 for humans, when specific metabolic rate scales (in homeo-
therms)  are used as mass-0.25 (12). Field experiments on
Marajo Island, Brazil, showed that one boy attracted signifi-
cantly more female Lu. longipalpis than one dog or one
chicken and slightly fewer sand flies than six chickens (13).
Assuming that the children participating in this study each
weighed about 40 kg and chickens 2 kg, then the amounts of
C02 produced by one boy would be approximately 400 m3/
min, equivalent to that of about eight chickens. However, host
odor is probably the most important stimulus for orientation of
blood-feeding insects in open (i.e., nonforest) situations (14).
Flights of several hundred meters have been recorded for
Lu. longipalpis, and infected sand flies attracted to an area by
chicken houses may be diverted en route or displaced to other
hosts. This diversion would explain the presence of (usually
canine) ZVL in wealthy districts adjacent to poorer neighbor-
hoods, a pattern seen in many Brazilian cities. Male sand flies
marked with fluorescent powders traveled distances of up to
430 m between chicken houses in Montes Claros, Brazil
(Kirby M. American visceral leishmaniasis—the importance
of the domestic chicken Gallus gallus to the urban distribution
of the sandfly vector Lutzomyia  longipalpis [Diptera: Psy-
chodidae] [M.Sc. thesis]. London: London School of Hygiene
and Tropical Medicine; 2000), so such flights are clearly not
limited to females in search of blood meals. 
Zooprophylaxis and Factors 
Precluding Chickens as Hosts of Leishmania
Chickens have several physiologic characteristics that pre-
clude them from sustaining Leishmania infections, including
their body temperature of 41.0°C (15). Enzymatic processes in
the sand fly function differently when triggered by different
types of blood meal, and blood from certain sources may be
lethal to Leishmania (16). Turkey blood meals significantly
reduced Le. tropica infections in the Old World sand fly Phle-
botomus papatasi, even when insects were infected after
digestion of the blood meal, perhaps due to DNAase activity
triggered by the presence of nucleated erythrocytes. A few
drops of turkey blood rapidly killed Le. tropica promastigotes
in culture, although this in vitro effect could not be the same as
that in the sand fly gut and may be complement-related
(17,18). Thus, not only is Leishmania  infection unable to
develop in birds, but also existing infections might be elimi-
nated in sand flies taking a second blood meal from chickens. 
For a single host species, the basic reproductive rate R0 of
a vector-transmitted pathogen is given by the following equa-
tion (19), 
where m is the number of vectors per host, a is the daily biting
rate of each individual vector on the host species, b is the frac-
tion of infected vectors that actually generate infection when
biting a susceptible host, p is the daily survival rate of the vec-
tors, n is the latent period of infection in the vectors, and r is
the daily recovery rate of the hosts. When host species are
numerous, R0 can be derived in general from the dominant
eigenvalue of a modified “who acquires infection from whom”
matrix (20). In the special case when one host (such as a
chicken) is a dead end, its presence does not influence the
mathematical form of eigenvalue: rather, the question is what
influence this host has on a and m. The proximity of chickens
to humans may potentially increase m by attracting more sand
flies into the local area, or even by maintaining a higher sand
fly population, through provision of additional resources.
Other dead-end hosts will decrease a on humans (a zooprophy-
lactic effect) because a given sand fly will be able to obtain its
nutrition from an alternative source. Which effect dominates
depends on the relative strength of these competing effects;
note that a enters into R0 as a square, compared with m, which
has a linear effect. A further complication is that, if the pres-
ence of chicken houses in some areas has the effect of aggre-
gating an existing sand fly population, an overall increase in
R0 will result (21)
Chickens as Blood Meal Sources for 
Maintenance of Sand Fly Populations
Although chickens cannot act as Le. infantum reservoirs,
they may be important in maintaining vector populations and
attracting mammalian reservoirs to the vicinity. Feeding suc-
cess of sand flies can be measured by using the equation Gi =
Qi/Nm
j  (22), where Gi is the mean gain in resources (e.g.,
blood meal size) on host i, Q is an estimate of patch quality (in
this case, number of chickens) and Nm
i, the biting rate. Nutri-
tional quality of blood (about 90% protein by dry weight) var-
ies between host species and Gi may also be revealed by
reduced rates of development, longevity, and digestion, as well
as skewed by sex ratios (14). Laboratory studies of fecundity
of insects fed on blood from different hosts often fail to take
into account natural factors such as host defense mechanisms
(both behavioral and physiologic), activity patterns, and intra-
or interspecific competition at feeding sites. Although no com-
parative studies of fecundity involving sand flies fed on birds
exist, the mosquito Culex pipiens produced twice as many
eggs per mg of blood when fed on canaries as when fed on
humans (23). The results of this study notwithstanding, avian
blood should be less nutritious than that of mammals for sev-
eral reasons. Chicken erythrocytes are nucleate and have a
DNA content 31 times that found in humans. They also have a
lower hemoglobin content than mammalian red cells and a
hematocrit value half that of mammals. These values mean
2
0 ln
n ma bp
R
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=
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that sand flies feeding on chickens would have to ingest twice
as much blood as those on mammals to obtain a meal contain-
ing the same quantity of erythrocytes. Unlike mosquitoes, sand
flies do not expel any of the blood meal while feeding and can-
not continue to engorge when replete (24). Even if plasma
rather than erythrocytes were the essential component for ova-
rian development (25), total plasma protein levels in chickens
are considerably lower than in dogs and pigs. In addition,
catabolism of nucleic acids from chicken erythrocytes would
presumably involve greater bio-energetic costs due to
increased production and active transport of uric acid, the end
product of nitrogen metabolism in insects (26). 
Factors Favoring or Limiting the 
Feeding of Lu. longipalpis on Chicken Blood
Unlike most mammal species, chickens are inactive at
night and present large areas of exposed skin on which sand
flies can feed. The comb and wattles are richly supplied with
capillaries but the epidermis is much thinner (~0.02 mm) on
feathered areas of the body (27) and could thus be pierced
more easily by the proboscis of a sand fly. Sand fly mouthparts
are too short to probe deeper than the superficial loops of the
host’s capillaries, and the insects ingest blood from pools that
form after laceration of the ends of the vessels (28). This mode
of feeding exposes the female sand fly to a battery of hemo-
static and inflammatory reactions, and saliva of Lu. longipal-
pis contains substances able to counteract these, including
anticoagulants, apyrase to inhibit platelet aggregation and a
potent vasodilator (29,30). The erythrocytes are relatively soft
and easily ruptured, while the thrombocytes, which are analo-
gous to platelets in mammals, are less efficient in reducing
blood loss in birds (31). These characteristics could facilitate
blood feeding by sand flies, as has been observed in triatom-
ines (32). Reductions in blood flow rate due to colonization of
the pharynx and cibarium by Leishmania (33) could also make
feeding on chickens preferable for infected sand flies, further
favoring zooprophylaxis of ZVL. 
Chicken Houses as Foci of 
Reproductive Behavior for Lu. longipalpis
Male blood-sucking flies that are irregularly or widely dis-
persed in a habitat may gain a mating advantage by staying
with the host and waiting for females to arrive (34). Male Lu.
longipalpis encountered on a host at a particular moment usu-
ally far outnumber females, and courtship behavior involves
mating aggregations or “leks” where males compete by pro-
ducing sex pheromones. The effective range of the compounds
involved (35) is a function of their volatility; less volatile mol-
ecules are active over shorter distances but produce a more
coherent message (J.G.C. Hamilton, pers. comm.).
Preliminary trials of a pheromone-baited trap for Lu. longi-
palpis obtained better results when extracts were heated (36),
and host temperature might be important in disseminating
these compounds. Chickens’ higher body temperature could
thus favor them over mammals as lekking sites for male Lu.
longipalpis. In view of the short effective range of male phero-
mones (~2 m), pheromones are unlikely to be involved in
attracting sand flies to chicken houses rather than host-pro-
duced stimuli such as odor and CO2 that extend for further dis-
tances. 
Newly emerged Lu. longipalpis adults and larvae of sev-
eral Old World species have been collected in animal shelters
(37). However, attempts to recover larvae from chicken houses
have been unsuccessful (38), perhaps because the nitrogen-
rich feces of chickens are unpalatable to them. Lu. longipalpis
adults may rest in chicken houses after taking blood but breed
in nearby, less accessible microhabitats such as rodent bur-
rows, where temperature, relative humidity, and light levels
are more constant. Oviposition of laboratory-raised Lu. longi-
palpis involves a thigmotropic response (39), suggesting that
in the wild females lay eggs in confined spaces such as crev-
ices rather than on exposed surfaces. No evidence is available
on predatory behavior by chickens toward sand flies or their
natural enemies (which are largely unknown). 
Interventions Focused on Chicken Houses
Chicken houses are sprayed with residual insecticides as
part of the current ZVL control strategy in Brazil (40), but this
spraying is constrained by costs of materials and availability of
trained personnel. An alternative would be to modify the envi-
ronmental factors favoring contact between vectors, reser-
voirs, and susceptible humans, such as proximity to chicken
houses. A similar approach has been suggested for controlling
dengue (41), which currently afflicts the same segment of the
Brazilian population as ZVL. 
With regard to conventional control programs, the relative
merits of insecticidal spraying of human dwellings, chicken
houses, or both, need to be considered. DDT spraying of
houses in the Brazilian Amazon region failed to reduce the
incidence of cutaneous leishmaniasis, perhaps because most of
the vectors (Lu. intermedia) rested in chicken coops, which
were left untreated (42). Presumably, the numbers of sand flies
that did not feed on chickens were sufficiently large to balance
any zooprophylactic effect, and chicken coops may only have
been used as resting sites. Spraying houses alone would be an
effective strategy only if all female sand flies in the vicinity
could be diverted to feeding on chickens. However, spraying
chicken houses alone would probably be ineffective because
the odor and CO2 produced by the birds would still attract sand
flies to the vicinity, and the sand flies risk encountering
infected or susceptible mammals (including humans) en route
and when they rest afterwards in untreated microhabitats.
Socioeconomic Importance of Chicken Rearing
Alexander et al. (unpubl. data) found that up to 27.0% of
residents of poor neighborhoods in the city of Montes Claros
kept chickens for the following reasons: to produce eggs
(50.0%) or meat (34.5%) for occasional personal consump-
tion; as a hobby (23.6%); for cock-fighting (3.6%); to keep
yards free of trash (9.1%); or to control scorpions (Tityus ser-Emerging Infectious Diseases  •  Vol. 8, No. 12, December 2002 1483
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rulatus) (7.3%). Nevertheless, 84.6% of the people inter-
viewed said they would stop raising chickens if it was proved
that keeping chickens increased the risk of acquiring ZVL. 
No information is available on the contribution of poultry
products to children’s nutrition in urban foci of Le. infantum
transmission. In any case, ZVL is more likely to develop in
children with moderate or severe malnutrition than in healthy
children (43), and infant malnutrition is common in Brazilian
cities (values of 25.9% and 19.7% are recorded for the state
capitals of São Paulo and Curitiba, respectively) (44). If fami-
lies derive a large proportion of their daily protein intake from
chickens or eggs, prohibition of raising chickens might there-
fore affect the prevalence of clinical manifestations of ZVL in
infected children. Current legislation that bans livestock within
the limits of Brazilian cities often does not specifically pro-
hibit poultry raising. 
Conclusions
Lane (42) discussed a number of the points mentioned in
this article, noting that the relationship between chicken
houses and sand flies also extended to the Old World Leishma-
nia vectors Phlebotomus argentipes, P. langeroni, P. ariasi,
and P. papatasi. In Brazil several other Lutzomyia species also
feed on chickens or at least rest in chicken houses, including
the Le. braziliensis vectors Lu. intermedia and Lu. whitmani,
so that the shelters clearly offer important man-made refuges
for sand flies in urban environments. Nonetheless, the results
of epidemiologic studies that attempt to incriminate chickens
as a risk factor for urban ZVL are conflicting. Since the dis-
ease is potentially fatal, as is Chagas disease, zooprophylaxis
as a means of control cannot be tested experimentally for ethi-
cal reasons. 
The relationship between chicken raising and Le. infantum
transmission by sand flies is summarized in the Table. Model-
ing the risk of Leishmania transmission by sand flies associated
with chickens would require collecting field or laboratory data
on all the factors discussed above, but current knowledge can
be summarized as follows. Chicken houses attract both blood-
seeking females and males seeking mates, but do not appear to
act as breeding sites. They also attract potential reservoirs of
Leishmania and are protected by dogs, themselves amplifica-
tion hosts of the parasite. Nevertheless, chickens are refractory
to  Leishmania infection and, in certain situations, act as
zooprophylactic agents. Although chicken blood may be less
nutritious than that of mammals, influencing egg productivity
and thus population levels of sand flies, this disadvantage
Table. Positive and negative factors associated with chicken raising that may affect the transmission of Leishmania infantum by Lutzomyia lon-
gipalpis in urban foci of zoonotic visceral leishmaniasis, Brazil
Factors affecting risk of 
transmission of Le. infantum to 
humans (all+)
Factors affecting risk of 
infection of Lu. longipalpis 
by Le. infantum (all-)
Factors affecting maintenance of sand fly populations (+/-)
Facilitation of blood feeding (+) Nutrition (-) Bringing sexes together (+)
Chicken rearing seen by 
local people as providing 
several benefits not directly 
related to Leishmania 
transmission, e.g., scor-
pion control, source of food 
and income and keeping 
yards free of trash
Odor and CO2 emitted by 
chickens attract infected 
sand flies to the vicinity of 
human dwellings
Presence of chickens 
attracts potential reservoirs 
of Le. infantum to the 
vicinity of human dwell-
ings where sand flies also 
present
Dogs kept to guard chicken 
houses from thieves and 
predators are themselves 
potential reservoirs of Le. 
Infantum
Chicken houses may act as 
resting sites for engorged 
sand flies
No evidence that chicken 
houses act as sand fly 
breeding sites although 
associated rodent burrows 
might be exploited
Complement levels in blood 
fatal to Leishmania?
Temperature of chicken blood 
too high (41°C) to permit 
growth of Leishmania
Greater facility with which 
sand flies can feed on chick-
ens would favor biting by 
infected sand  flies whose 
capacity to ingest blood is 
compromised by blockage of 
the pharynx?
Nucleated erythrocytes in 
blood meal stimulate DNAase 
activity fatal to Leishmania 
within sand fly gut?
Chicken RBCs soft and easily 
ruptured
Chickens easier to feed on by 
sand flies that have pharynx par-
tially blocked by Leishmania?
Chicken skin thinner than that of 
mammals (0.02 mm), esp. on 
feathered areas of body
Thrombocytes less efficient than 
mammalian platelets in prevent-
ing blood loss
Protein content of 
chicken plasma con-
siderably lower than 
that of mammals
Nucleated blood cells 
have 31 times DNA 
content of human 
erythrocytes; elimina-
tion associated w/ 
problems of water bal-
ance?
Hematocrit value of 
chicken blood about 
50% that of mam-
mals; sand flies can-
not concentrate blood 
meal during engorge-
ment
CO2 and odor attractive to 
both males and females
High chicken body tempera-
ture might favor dissemina-
tion of pheromone
Passivity of roosting chick-
ens lets male sand flies dis-
play relatively undisturbed
aRBCs, red blood cells; esp., especially.PERSPECTIVE
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would be compensated to some extent by the greater facility
with which Lu. longipalpis is able to feed on birds. Prohibiting
chicken rearing in Brazilian cities would remove a potential
source of food and income for the inhabitants of low-income
neighborhoods. In fact, some health authorities currently advise
householders to keep only two chickens to control scorpions,
although no published data support this recommendation. A
recent study modeled Trypanosoma cruzi transmission among
populations of humans, dogs, and chickens in three Argentinian
villages (45), a situation that may be considered analogous to
that of urban ZVL foci in Brazil. Prevalence of infection
decreased slowly as the fraction of triatomine bugs feeding
from chickens increased, indicating a slight zooprophylactic
effect. In addition, as the relative density of the bugs increased,
the proportion that fed on humans rather than chickens
decreased.
Urban ZVL is an increasingly grave public health problem
in Brazil that imposes an additional strain on local health
authorities and is unlikely to be resolved by current strategies.
Chickens are the most common type of livestock raised in low-
income neighborhoods. Understanding the role of chicken
raising in the Le. infantum transmission cycle could lead to
inexpensive and sustainable preventive measures, perhaps
involving the acquiescence of local people in the removal or
focal treatment of chicken houses. The role played by chickens
in the epidemiology of urban ZVL clearly involves some type
of balance between zooprophylaxis, maintenance of sand fly
populations, and attraction of reservoir hosts of Le. infantum.
This balance may vary in different situations but could be fur-
ther clarified by the following activities: 1) field observations
to determine the relative importance of chickens and other
hosts as blood meal sources and lekking sites; 2) laboratory
studies of comparative egg productivity of sand flies fed on
chickens and other hosts; and 3) socioeconomic surveys on the
importance of chickens to communities affected by ZVL in
terms of income and nutrition, as well as communities’ will-
ingness to participate in preventative measures e.g., removal of
chicken houses.
Acknowledgments
We thank Marilia Rocha and Matthew Kirby for assistance with
data collection and Mike Lehane for revising an earlier version of the
manuscript. 
Bruce Alexander was supported by grants from the Fundação de
Amparo à Pesquisa do Estado de Minas Gerais (FAPEMIG) and Con-
selho Nacional de Desenvolvimento Científico e Tecnológico
(CNPq).
Dr. Alexander is currently at the Veterinary Laboratories Agency
in Penicuik, Scotland. He was a visiting researcher at the Centro de
Pesquisas Rene Rachou (FIOCRUZ) in Belo Horizonte from 1998–
2001. His main research interests involve the relationships between
man-made environmental changes and transmission of Leishmania by
phlebotomine sand flies. 
References
  1. Pennacci M, Renda P. Leishmaniose: cada vez mais na cidade. Caes &
Cia 1999;248:42–7.
  2. Lainson R. Demographic changes and their influence on the epidemiol-
ogy of the American leishmaniaises. In: Service MW, editor. Demogra-
phy and vector-borne disease. Boca Raton (FL): CRC Press; 1989. p. 85–
106.
  3. Arias JR, Monteiro OS, Zicker F. The reemergence of visceral leishma-
niasis in Brazil. Emerg Infect Dis 1996;2:145–6.
  4. Genaro O, da Costa A, Williams P, Silva JE, Rocha NM, Lima SL, et al.
Ocorrencia de calazar em area urbana da grande Belo Horizonte, MG.
Rev Soc Bras Med Trop 1990;23:121.
  5. Rodrigues AC, Dos Santos AB, Feitosa LF, Santana CS, Nascimento EG,
Moreira ED Jr. Criação peridomiciliar de galináceos aumenta o risco de
leishmaniose visceral humana. Rev Soc Bras Med Trop 1999;32:12–3.
  6. Sherlock IA. Ecological interactions of visceral leishmaniasis in the state
of Bahia, Brazil. Mem Inst Oswaldo Cruz 1996;91:671–83.
  7. Campbell-Lendrum DH, Brandão-Filho SP, Ready PD, Davies CR. Host
and/or site loyalty of Lutzomyia whitmani (Diptera: Psychodidae) in Bra-
zil. Med Vet Entomol 1999;13:209–11.
  8. Hess AD, Hayes RO, Tempelis CH. The use of the forage ratio technique
in mosquito host preference studies. Mosquito News 1968;28:386–9. 
  9. Morrison AC, Ferro C, Tesh RB. Host preferences of the sand fly Lut-
zomyia longipalpis at an endemic focus of American visceral leishmania-
sis in Colombia. Am J Trop Med Hyg 1993;49:68–75. 
10. Kelly DW, Mustafa Z, Dye C. Density-dependent feeding success in a
field population of the sandfly, Lutzomyia longipalpis. Journal of Animal
Ecology 1996;65:517–27. 
11. Fedde MR, Weigle GE, Wideman RF. Influence of feed deprivation on
ventilation and gas exchange in broilers: relationship to pulmonary hyper-
tension syndrome. Poultry Science 1998;77:1704–10.
12. Peters RH. The ecological implications of body size. Cambridge (MA):
Cambridge University Press; 1983. 
13. Quinnell RJ, Dye C, Shaw JJ. Host preferences of the phlebotomine sand-
fly  Lutzomyia longipalpis in Amazonian Brazil. Med Vet Entomol
1992:195–200. 
14. Lehane MJ. Biology of blood-sucking insects. London: Harper Collins
Academic;1991.
15. Zilberstein D, Shapira M. The role of pH and temperature in the develop-
ment of Leishmania parasites. Annu Rev Microbiol 1994;48:449–70. 
16. Adler S. Leishmania. Adv Parasitol 1964; 2:35–91. 
17. Schlein Y, Warburg A, Schnur LF, Shlomai J. Vector compatibility of
Phlebotomus papatasi on differently induced digestion. Acta Trop
1983;40:65–70. 
18. Kierszenbaum F, Ivanyi J, Budzko DB. Mechanisms of natural resistance
to trypanosomal infection: role of complement ion avian resistance to
Trypanosoma cruzi infection. Immunology 1976;30:1–6.
19. Dobson A, Foufpoulous J. Emerging diseases of wildlife. Philos Trans R
Soc Lond B Biol Sci 2001;356:1001–2. 
20. Diekmann O, Heesterbeck JAP, Metz JAJ. On the definition and the com-
putation of the basic reproduction ratio R0 in models for infectious dis-
eases in heterogeneous populations. J Math Biol 1990;28:365–82.
21. Woolhouse MEC, Dye C, Etard JF, Smith T, Charlwood JD, Garnett GP,
et al. Heterogeneities in the transmission of infectious agents: implica-
tions for the design of control programs. Proc Natl Acad Sci U S A
1997;94:338–42.
22. Quinnell RJ, Dye C. Correlates of the peridomestic abundance of Lut-
zomyia longipalpis (Diptera: Psychodidae) in Amazonian Brazil. Med Vet
Entomol 1994;8:219–24.
23. Woke PA. Comparative effects of the blood of man and canary on egg
production of Culex pipiens Linn. J Parasitol 1937;23:311–3.
24. Ready PD. Factors affecting egg production of laboratory-bred Lutzomyia
longipalpis. J Med Entomol 1979;16:413–23.
25. Adler S, Theodor O. The mouthparts, alimentary tract and salivary appa-
ratus of the female Phlebotomus papatasi. Ann Trop Med Parasitol 1926;
20:109–42.Emerging Infectious Diseases  •  Vol. 8, No. 12, December 2002 1485
PERSPECTIVE
26. Chapman RF, editor. The insects: structure and function. 4th edition.
Cambridge (MA): Cambridge University Press; 1998.
27. Freeman BM, editor. Physiology and biochemistry of the domestic fowl.
London: Academic Press; 1984.
28. Ribeiro JMC, Rossignol PA, Spielman A. Blood-finding strategy of a
capillary-feeding sandfly, Lutzomyia longipalpis. Comp Biochem Physiol
A Mol Integr Biol 1986;83:683–6.
29. Ribeiro JMC. Role of saliva in blood-feeding by arthropods. Annu Rev
Entomol 1987;32:463–78.
30. Ribeiro JMC, Vachereau A, Modi GB, Tesh RB. A novel vasodilatory
peptide from salivary glands of the sand fly Lutzomyia longipalpis. Sci-
ence 1989; 243:212–4.
31. Lewis JH, editor. Comparative haemostasis in vertebrates. New York:
Plenum Press; 1996.
32. Guarneri AA, Diotaiuti L, Gontijo NF, Gontijo AF, Pereira MH. Compar-
ison of feeding behavior of Triatoma infestans, Triatoma brasiliensis, and
Triatoma pseudomaculata in different hosts by electronic monitoring of
the cibarial pump. J Insect Physiol 2000; 46:1121–7.
33. Schlein Y, Warburg A, Schnur LF, Shlomai J. Vector compatibility of
Phlebotomus papatasi on differently induced digestion. Acta Trop
1983;40: 65–70.
34. Teesdale C. Studies on the bionomics of Aedes aegypti L. in its natural
habitat in a coastal region of Kenya. Bull Entomol Res 1955;46:711–42.
35. Morton IE, Ward RD. Laboratory response of female sandflies (Lut-
zomyia longipalpis) to a host and male pheromone over distance. Med Vet
Entomol 1989;3:219–23.
36. Ward RD, Morton IE, Brazil RP, Trumper S, Falcão AL. Preliminary lab-
oratory and field trials of a heated pheromone trap for the sandfly Lut-
zomyia  longipalpis (Diptera: Psychodidae). Mem Inst Oswaldo Cruz
1990;85:445–52.
37. Ferro C, Pardo R, Torres M, Morrison AC. Larval microhabitats of Lut-
zomyia  longipalpis in an endemic focus of visceral leishmaniasis in
Colombia. J Med Entomol 1997;34:719–28.
38. Brazil RP, De Almeida DC, Brazil BG, Mamede SM. Chicken house as a
resting site of sandflies in Rio de Janeiro, Brazil. Parassitologia
1991;33:113–7.
39. El-Naiem DA, Ward RD. The thigmotropic oviposition response of the
sandfly Lutzomyia longipalpis (Diptera: Psychodidae) to crevices. Ann
Trop Med Parasitol 1992;86:425–30. 
40. Anon. Informe técnico sobre leishmanioses. Belo Horizonte, Brazil: Sec-
retaria de Estado da Saúde de Minas Gerais/Superintendência de Epide-
miologia/Centro de Controle de Doenças Transmissíveis; 1992. 
41. Marzochi KBF. Dengue in Brazil—situation, transmission and control—a
proposal for ecological control. Memórias do Instituto Oswaldo Cruz
1994; 89:235–45.
42. Lane RP. Chicken house reservoirs of sandflies. Parasitol Today 1986; 2:
248–9.
43. Cerf BJ, Jones TC, Carvalho EM, Sampaio D, Reed SG, Barral A, et al.
Malnutrition as a risk factor for severe visceral leishmaniasis. J Infect Dis
1987;154:1003–11.
44. Monteiro CA, Benício MH, Pino Zuniga HP, Szarfarc SC. Estudo das
condições de saúde das crianças do município de São Paulo, SP, (Brasil),
1984–1985. Rev Saúde Publica 1986;20:446–53.
45. Cohen JE, Gürtler RE. Modeling household transmission of American
trypanosomiasis. Science 2001;93:694–8.
Address for correspondence: Bruce Alexander, Veterinary Laboratories Agency,
Pentlands Science Park, Bush Loan, Penicuik, Midlothian EH26 9RE Scotland,
UK; fax: (44) 0131-445-6166; e-mail: b.alexander@vla.defra.gsi.gov.uk
The Ellison Medical Foundation, established by Lawrence J. Ellison, is announcing an opportunity to submit letters of intent for the Senior Scholar Award in Global Infectious
Disease (GID). The GID Program, now in its third year, funds innovative research on parasitic and infectious diseases caused by viral, bacterial, fungal, protozoal or helmin-
thic pathogens of major global public health concern that are relatively neglected in federally funded research in the U.S. The program aims to focus its support by placing
emphasis on: 
· Innovative research that might not be funded by traditional sources, including projects involving the application of new concepts or new technologies whose
feasibility is not yet proven, projects seeking commonalities among pathogens that might yield new insights into mechanisms of infection, invasion and
pathogenesis, or projects seeking to bring together diverse scientific disciplines in the study of infectious diseases. 
· Aspects of fundamental research that may significantly impact the understanding and control of infectious diseases, but have not found a home within tra-
ditional funding agencies, such as: 
 
· Our microbiome: natural microflora and pathogen ecology and evolution ·  Therapeutic role of probiotics
· Therapeutic role of probiotics ·  Diet, nutrition and immunity
· Implications of disease eradication ·  Zoonoses: wildlife and human disease
· Comparative immunology ·  Threats from newly explored habitats    
· Host factors, human genomics and disease susceptibility ·  Signaling and gene flow between parasites & hosts
· Parasite molecular mimicry ·  Fever and other symptomatology
· Plasmid and phage determinants of virulence ·  Phylogeny and ultimate origins of viruses
· New concepts for antivirals and antiparasitic drugs ·  Nosocomial infection and sanitary precaution
· Dyshygenic abuse of antibiotics and microbicides ·  Fundamental studies on exotic microbes and diseases
Letters of Intent must be received before close of business February 28, 2003 at The Ellison Medical Foundation address below See website for guidelines on submitting
your letter of intent: http://www.ellisonfoundation.org.  Applicants invited to submit a full application will be notified and provided with application forms about June1, 2003.
Up to ten Senior Scholars will be selected. Each award will be made for up to $150,000 per year direct cost, with full indirect cost at the institution's NIH negotiated rate
added to that, for up to four years. 
Contact:  Stephanie L. James, Ph.D., Deputy Director
 The Ellison Medical Foundation  4710 Bethesda Avenue, Suite 204
 Bethesda, MD  20814-5226  Phone: 301-657-1830; Fax:  301-657-1828
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